Effective treatments of nausea are limited. In this study we evaluated the ability of the peripherally restricted fatty acid amide hydrolase (FAAH) inhibitor, URB937, to suppress acute and anticipatory nausea in rats and examined the pharmacological mechanism of this effect.
Introduction
Nausea and vomiting are distressing symptoms associated with several disorders such as side effects of chemotherapy in cancer treatment, chronic gastrointestinal disorders, gastroparesis and cyclic vomiting syndrome. Current antiemetic therapies are highly effective in reducing vomiting but only weak in reducing nausea (Roscoe et al., 2000; Hickok et al., 2003) . Because nausea is so poorly understood, effective treatments are limited, highlighting the need to understand the mechanisms of nausea to develop new therapeutics.
Rats do not vomit, but they do display conditioned gaping reactions to a flavour that has been previously paired with 'sickness' (Grill and Norgren, 1978) . Considerable behavioural evidence confirms that only manipulations that produce nausea and vomiting in other species promote conditioned gaping behaviours in rats, although even nonemetic treatments produce taste avoidance in rats. Furthermore, treatments that reduce nausea and vomiting in other species consistently prevent conditioned gaping behaviours in rats but not taste avoidance. Therefore, conditioned gaping in rats is a much more selective measure of nausea than conditioned taste avoidance (Parker, 2014) . Conditioned gaping in rats requires similar orofacial musculature as vomiting in emetic species (Travers and Norgren, 1986) and is topographically similar to the orofacial components of retching in the shrew (Parker, 2003) . These conditioned gaping reactions are not only displayed to nausea-paired flavours, but they are also displayed to nausea-paired contextual cues, serving as a model of anticipatory nausea experienced by patients receiving chemotherapy treatment upon their return to the clinic Rock et al., 2014) .
Abundant evidence indicates that manipulations that enhance activity of the endocannabinoid system interfere with both acute and anticipatory nausea in these rat gaping models (Sticht et al., 2015) . The endocannabinoid system consists of the cannabinoid receptors (CB 1 and CB 2 ), the natural ligands for those receptors, anandamide (AEA) (Devane et al., 1992) and 2-arachidonoyl-sn-glycerol (2-AG) (Mechoulam et al., 1995) , and their degrading enzymes. AEA and other fatty-acid ethanolamides (FAEs), including oleoylethanolamide (OEA) and palmitoylethanolamide (PEA), are rapidly degraded by fatty acid amide hydrolase (FAAH) (Deutsch and Chin, 1993) ; however, unlike AEA, OEA and PEA are agonists at the PPARα (Fu et al., 2003 (Fu et al., , 2012 , not CB 1 or CB 2 receptors. 2-AG is rapidly degraded by monoacylglycerol lipase (MAGL) (Dinh et al., 2002) . Both FAAH and MAGL are distributed throughout the brain and periphery. The action of AEA, OEA and PEA can be prolonged by up to 24 h by pharmacological inhibition of their degradation by FAAH, and the action of 2-AG can be prolonged by up to 24 h by MAGL inhibition (Cravatt et al., 1996) , providing effective strategies for reducing acute and anticipatory nausea as assessed by the rat gaping models (Rock et al., 2014; Sticht et al., 2015) . Sticht et al. (2016) demonstrated that elevation of 2-AG by MAGL inhibition in the interoceptive insular cortex (IIC), a cortical site responsible for the experience of nausea (Penfield and Faulk, 1955; Napadow et al., 2013) , reduces nauseainduced conditioned gaping in rats. However, the site of action of the anti-nausea effects of FAAH inhibition remains unknown because FAAH inhibition in the IIC neither reduced nausea-induced conditioned gaping nor elevated AEA (Sticht et al., 2016) , but systemic administration of the FAAH inhibitor, PF3845 (Ahn et al., 2009) , suppressed acute nausea , and both PF3845 and URB597 reduced anticipatory nausea (Rock et al., 2008 . Therefore, it is possible that the anti-nausea action of FAAH inhibition is peripherally mediated. We report new data here using the highly selective, peripherally restricted FAAH inhibitor, URB937 (Clapper et al., 2010) .
URB937 suppresses FAAH and enhances AEA levels outside of the CNS and has the ability to suppress behavioural responses in rodent models of peripheral nerve injury and inflammation through a CB 1 receptor mediated effect (Clapper et al., 2010) . URB937 and the brain penetrant, URB597, have comparable potencies in membrane preparations of rat brain FAAH and are equally effective at blocking liver FAAH activity when administered systemically in mice (1 mg·kg À1 , i.p.). The compounds markedly differ, however, in their ability to access the CNS, as URB937 suppresses FAAH activity in peripheral tissues but not in the brain (Clapper et al., 2010) . Therefore, this compound provides a tool to determine the potential of peripheral FAAH inhibition on nausea-induced behaviours. Here, we evaluate the ability of URB937 to interfere with acute and anticipatory nausea in the rat gaping models. Since FAAH inhibition elevates AEA, but also PEA and OEA, which act on PPARα receptors rather than CB 1 or CB 2 receptors, we assessed the role of these receptors in the anti-nausea effects of URB937. The potential of the PPARα agonist, GW7647, to reduce acute nausea was also evaluated. Finally, the ability of URB937 to suppress FAAH activity in the liver, duodenum, prefrontal cortex (PFC) and area postrema (AP; an area of weak blood-brain barrier to allow toxins to produce the vomiting reflex in humans and other animals) and to elevate levels of FAEs in the AP was evaluated.
Methods
As conditioned gaping in rats is a selective measure of nausea (Parker, 2014) , we used this as a preclinical model to evaluate whether compounds reduce lithium chloride (LiCl)-induced conditioned gaping in Sprague Dawley rats.
Animals
All procedures with animals complied with the legislation of the Animals for Research Act of Ontario, as well as the guidelines of the Canadian Council on Animal Care (CCAC). All animal use protocols were approved by the Institutional Animal Care Committee at the University of Guelph, which is accredited by the CCAC. Animal studies are reported in compliance with the ARRIVE guidelines (Kilkenny et al., 2010; McGrath and Lilley, 2015) . Male Sprague Dawley rats (180), obtained from Charles River Laboratories (St Constant, QC, Canada), were used for assessment of acute nausea and anticipatory nausea and endocannabinoid/FAAH analysis. Their body weights ranged from 244 to 314 g on the day of conditioning for acute nausea and from 308 to 398 g on the day of testing for anticipatory nausea (approximately 8 weeks in age). Rats were housed in a specific pathogen-free facility in 
Experimental procedures
In vivo procedures. Experiment 1: effects of URB937 on acute nausea and its mechanism of action. All rats were surgically implanted with an intraoral cannula under isofluorane anaesthesia according to the procedure described by Limebeer et al. (2010) . Animals were anaesthetized with isoflurane gas and administered the antibiotic depocillin (0 Within the mouth, the cannula was held in place by a flanged end of the tubing over a circular section of surgical mesh that rested flush against the inside of the mouth. Twenty-four hours after surgery, rats were administered a second dose of carprofen (5 mg·kg À1 ) and monitored for 3 days following surgery. During this time, rats were weighed and the health of the animal was assessed; a visual check for urine/faeces in the home cage, activity, vocalization, dehydration, rigidity and presence of porphyrin staining around the eye was performed, as well as adjustment of the elastics and visual inspection of the surgical site. The cannulae were flushed daily, for 3 days, with chlorhexidine antiseptic. Following recovery from surgery, the rats received an adaptation trial in which they were placed in the taste reactivity chamber with their cannula attached to an infusion pump (Model KDS100, KD Scientific, Hollliston, MA, USA) for fluid delivery. Water was infused into their intraoral cannuale for 2 min at a rate of 1 mL·min À1 .
On the day following the adaptation trial, the rats received a conditioning trial in which they were administered a pretreatment injection of vehicle (VEH) VEH-1 mg·kg À1 AM-630 was removed from the study (preventing behavioural testing from occurring) and was killed by carbon dioxide due to loss of the intra-oral cannula. Four additional rats were added to group 3 mg·kg À1 URB937-1 mg·kg À1 AM-630 because preliminary LSD post hoc comparisons suggested a trend towards significance. Additional animals were added to this group to explore the effect (however, the additional animals did not modify the results of the statistical analysis). During conditioning, the rats were individually placed in the chamber and intraorally infused with 0.1% saccharin solution for 2 min at a rate of 1 mL·min À1 while the orofacial responses were video recorded from the mirror beneath the chamber with the feed sent to a computer via fire-wire connection. Immediately after the saccharin infusion, all rats were injected with 20 mL·kg À1 of 0.15 M LiCl and returned to their home cage. Seventy-two hours later, the rats were tested drug-free. They were again intraorally infused with 0.1% saccharin solution for 2 min at the rate of 1 mL·min À1 while the orofacial reactions were video recorded. The videotapes were later scored by an observer blind to the experimental conditions using The Observer for the behaviour of gaping (large openings of the mouth and jaw, with lower incisors exposed).
To determine if the pretreatment interfered with learning per se, conditioned taste aversion (CTA) was assessed in a single bottle test. Rats were water restricted at 15:00 h following their test session. The next morning, a bottle containing 0.1% saccharin solution was placed on the cage at 08:00 h. Measures of saccharin consumption were taken for the next 6 h. Experiment 2: effect of PPARα agonist, GW7647, on acute nausea. The rats were adapted and conditioned as in Experiment 1, with the exception of the pretreatment condition. In Experiment 2, the rats were injected with VEH or GW7647 (3 mg·kg À1 ) 30 min prior to the infusion of 0.1 % saccharin solution. Immediately following the infusion, the rats were injected with equivolume saline (SAL) or LiCl. The rats received a conditioned taste avoidance test on the next day. The groups were (n = 8 per group) as follows: VEH-SAL; VEH-LiCl; GW7647-SAL; GW7647-LiCl.
Experiment 3: effect of URB937 on anticipatory nausea, its mechanism of action and effect on locomotor activity. All rats received four conditioning trials, with 72 h between trials. On each conditioning trial, each rat was injected with LiCl and immediately placed in the distinctive conditioning context for 30 min. The test trial occurred 72 h after the final conditioning trial. On the test trial, the rats received a pretreatment injection of VEH or URB937 2 h prior to placement in the conditioning chamber. To assess the and were placed in the conditioning chamber for 5 min while their orofacial reactions were videotaped from the mirror beneath the chamber; the videotapes were later scored for the number of gapes. Immediately following the test trial, the rats were placed in the novel activity chamber for 15 min and their locomotor activity was automatically videotracked using EthoVision. Prior to the test trial, the rats were randomly assigned to one of the five pretreatment groups, with n = Immediately following the test for anticipatory nausea, the rats received a test for locomotor activity. The activity chamber was constructed of white Plexiglas with the dimensions of 60 × 25 × 25 cm and located in a different room than the anticipatory nausea chamber.
The room was illuminated with a red light. A video camera mounted on an extension pole captured the activity of the rat, which was sent to a computer for analysis of distance (cm) travelled using the Ethovision software programme (Noldus Information technology Inc, Leesburg, VA, USA).
Ex vivo procedures. Drug-naïve rats were killed 120 min after receiving an injection of either vehicle or URB937 (3 mg·kg À1 , i.p.). Rats were killed by rapid decapitation (restrained in a decapicone; Braintree Scientific, MA, USA), and their brains and peripheral tissue (liver and duodenum) were immediately extracted. To obtain the rat tissue used for neurochemical analysis, it was necessary to kill these rats by decapitation (rather than by inhalation of carbon dioxide or cervical dislocation), as inhalation of carbon dioxide leads to altered neurotransmitters in the brain (EFSA, 2005) , and cervical dislocation may affect neuropeptide levels and brain histology (EFSA, 2005) . Indeed, Hawkins et al. (2016) state that the Canadian Council on Animal Care agrees that decapitation is acceptable when no other method of killing the animals is possible. The prefrontal cortex (PFC) and area postrema (AP) were subsequently dissected on ice, rapidly frozen over dry ice and were stored at À80°C until the time of processing, which was performed at the University of California, Irvine. (50 mg protein from PFC, AP and duodenum and 10 mg from liver), 10 mM AEA and AEA-(ethanolamine-3H) (10 000 cpm, specific activity 60 Ci·mmol À1 ). Reactions were stopped with chloroform/methanol (1:1, 1 mL), and radioactivity was measured in 600 μL of the aqueous layers by liquid scintillation counting.
Experimental design and statistical analysis
The data and statistical analysis comply with the recommendations on experimental design and analysis in pharmacology (Curtis et al., 2015) . In vivo data were analysed using SPSS Statistics (IBM, Version 23). Statistical significance was set at P < 0.05. Power analyses using G*Power (3.1.9.2 for Windows; Faul et al., 2007) indicated that for Experiments 1 and 2 (four groups each), to achieve power = 0.96, a total of 32 rats (n = 8 per group) is necessary (with an effect size f = 0.8, α err prob = 0.05). For Experiment 3 (five groups), to achieve power = 0.96, a total of 35 rats (n = 7 per group) is necessary (with an effect size f = 0.8, α err prob = 0.05). In addition, power analyses using Sigma Plot (version 11.0, Systat Software, San Jose, CA, USA) indicated that for ex vivo experiments (two groups), to achieve power = 0.96, a total of 24 rats (n = 6 per group per analysis) is necessary (with an effect size f = 0.8, α err prob = 0.05) based on our previous results (Moreno-Sanz et al., 2012). In Experiment 1 of the in vivo studies, to evaluate the effect of various doses of URB937 on acute nausea, the number of gapes among each dose group (VEH, 0.3, 1 and 3 mg·kg À1 URB937; n = 8 per group) were entered into a single factor ANOVA. To evaluate the effect of the potential of rimonabant, AM-630 or MK-886 to reverse the effect of URB937 (3 mg·kg À1 ) on acute nausea, the number of gapes displayed by the VEH-VEH and 3 mg·kg À1 URB937-VEH were entered into each of three between-groups ANOVAs with the inclusion of the followng:
(n = 12); and (ii) VEH-1 mg·kg À1 MK-886 (n = 8), 3 mg·kg À1 URB937-1 mg·kg À1 MK-886 (n = 8). Each of these analyses was also performed for the amount of saccharin solution consumed on the subsequent day in the 6 h conditioned taste avoidance test. In Experiment 2, to evaluate the potential of PPARα agonism to reduce acute nausea, the number of gapes and amount of saccharin solution consumed in the subsequent 6 h taste avoidance test by each pretreatment group (VEH-SAL, VEH-LiCl, GW7647-SAL, GW7647-LiCl; n = 8 per group) were entered into a between-groups ANOVA.
In Experiment 3, to evaluate the potential of URB937 (3 mg·kg À1 ) to reduce anticipatory nausea and to determine the mechanism of action, the number of gapes elicited by the LiCl-paired chamber was entered into a between-groups ANOVA with the groups of (n = 8 per group): VEH-VEH, URB937-VEH, URB937-rimonabant, URB937-AM-630, URB937-MK-886. Bonferroni post hoc comparison tests were used for all analyses.
Differences in levels of AEA, OEA, PEA and 2-AG in the AP of rats treated with either vehicle (PEG/Tween-80/SAL, 1:1:18; n = 6) or URB937 (3 mg·kg À1 , i.p.; n = 6) were analysed by independent t-tests. FAAH activity in each tissue was expressed as % of activity in URB937-treated animals (n = 6) compared to VEH-treated animals (n = 6) and analysed by a t-test. Results are expressed as mean ± SEM, and the significance of differences was determined using one-way ANOVA followed by Dunnett's test as post hoc and Student's t-test. Differences were considered significant if P < 0.05. Statistical analyses were conducted using GraphPad Prism Version 4.0 (San Diego, CA, USA). ). GW7647 (Cayman Chemicals) was prepared in a vehicle of 1:9 (Tween 80: saline) and mixed at a concentration of 3 mg.mL À1 and administered in a volume of 1 mL·kg À1 (3 mg·kg À1 ) for rats.
Drugs

Nomenclature of targets and ligands
Key protein targets and ligands in this article are hyperlinked to corresponding entries in http://www. guidetopharmacology.org, the common portal for data from the IUPHAR/BPS Guide to PHARMACOLOGY (Southan et al., 2016) , and are permanently archived in the Concise Guide to PHARMACOLOGY 2015/16 (Alexander et al., 2015a,b,c) .
Results
In vivo experiments
Experiment 1: effects of URB937 on acute nausea and its mechanism of action. The peripherally restricted FAAH inhibitor, URB937, reduced LiCl-induced acute nausea in a dose-dependent manner, at doses of 1 and 3 mg·kg À1 , but not 0.3 mg·kg À1 , i.p. Figure 1 presents the mean number of gapes displayed by each pretreatment group. The ANOVA revealed a significant effect of pretreatment Peripheral FAAH inhibition and nausea BJP condition, F(3, 28) = 8.2; P < 0.05. Bonferroni post hoc comparison tests revealed that relative to VEH, pretreatment with 1 mg·kg À1 (P < 0.05) or 3 mg·kg À1 (P < 0.05) URB937
suppressed LiCl-induced conditioned gaping reactions; the dose of 0.3 mg·kg À1 approached statistical significance (P = 0.055). No treatment modified the strength of the LiCl-induced taste avoidance (data not shown). The effect of URB937 on acute nausea was reversed by the PPARα antagonist, MK-866, but not by the CB 1 receptor antagonist, rimonabant, or the CB 2 receptor antagonist, AM-630. Figure 2 presents the mean number of gapes displayed by the VEH-VEH and the URB937-VEH groups compared with each of the antagonists to test for the mechanism of action (Section A: CB 1 receptor mediated mechanism; Section B: CB 2 receptor-mediated mechanism; Section C: PPARα mediated mechanism). To evaluate the potential of CB 1 receptor antagonism to prevent the anti-nausea effect of URB937, the ANOVA for the data in Figure 2A revealed a significant effect of pretreatment, F(3, 28) = 11.6; P < 0.05; subsequent Bonferroni comparison tests revealed that both groups URB937-VEH and URB-937-rimonabant displayed suppressed gaping (P < 0.05) at test compared with both VEH-VEH and VEH-rimonabant. The ANOVA for the data in Figure 2B (CB 2 receptor mechanism) revealed a significant effect of pretreatment, F(3, 31) = 6.3; P < 0.05. Bonferroni post hoc tests revealed that both URB937-VEH and URB937-AM-630 displayed suppressed gaping (P < 0.05) at test compared with VEH-VEH; group VEH-AM-630 did not significantly differ from any group. Finally, the ANOVA for the data in Figure 2C (PPARα mechanism) revealed a significant effect of pretreatment, F(3, 28) = 5.9; P < 0.05. By Bonferroni tests, group URB937-VEH displayed significantly less conditioned
Figure 1
Effect of URB937 (0.3, 1, 3 mg·kg À1 , i.p.) or VEH administered 120 min prior to a saccharin-LiCl pairing on conditioned gaping reactions in a subsequent drug-free taste reactivity test (a rat model of acute nausea). Each bar represents the mean ± SEM (n = 8) number of gapes. The asterisks indicate a significant difference from the VEH-treated control animals (*P < 0.05).
Figure 2
Effect of administration of rimonabant (1 mg·kg À1 , i.p.) (A), AM-630
(3 mg·kg À1 , i.p.) or VEH administered 120 min prior to a saccharin-LiCl pairing on conditioned gaping reactions in a subsequent drug-free taste reactivity test (a rat model of acute nausea). Groups were as follows: VEH-VEH (n = 8); 0.3 mg·kg À1 URB937-VEH (n = 8);
1 mg·kg À1 URB937-VEH (n = 8); 3.0 mg·kg À1 URB937-VEH (n = 8);
VEH-1 mg·kg À1 rimonabant (n = 8); 3 mg·kg À1 URB937-1 mg·kg represents the mean ± SEM number of gapes. The asterisks indicate a significant difference from the VEH-treated control animals (*P < 0.05).
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gaping than group VEH-VEH (P < 0.05) and URB937-MK-886 (P < 0.05). No pretreatment condition modified the strength of the LiCl-induced CTA in any analysis (data not depicted).
Experiment 2: effect of PPARα agonist, GW7647, on acute nausea. Consistent with the results of Experiment 1, pretreatment with the PPARα agonist, GW7647, suppressed LiCl-induced conditioned gaping reactions. Figure 3 presents the mean number of gapes at test following the various treatments. The between-groups ANOVA revealed a significant main effect, F(3, 28) = 21.6; P < 0.05. Subsequent Bonferroni post hoc comparison tests revealed that group VEH-LiCl differed significantly (P < 0.05) from all groups, including GW7647-LiCl, which did not differ from any other group. No pretreatment modified the strength of LiClinduced taste avoidance (data not shown).
Experiment 3: effect of URB937 on anticipatory nausea, its mechanism of action and effect on locomotor activity. URB937 interfered with the expression of anticipatory nausea; however, this effect was likely mediated by the action of AEA on CB 1 receptors. Rock et al. (2015) also found that the suppression of anticipatory nausea by the globally active FAAH inhibitors, URB597 and PF3845, was CB 1 receptor mediated, not PPARα mediated. Figure 4 presents the mean number of gapes elicited by re-exposure to the context previously paired with LiCl-induced nausea by rats pretreated at test with each of the various drugs. The between-groups ANOVA revealed a significant effect of treatment, F(4, 35) = 15.3; P < 0.05). Subsequent Bonferroni tests revealed that group VEH-VEH displayed significantly more gaping than any group (P < 0.05) other than group URB937-rimonabant. No other groups differed from one another.
None of the pretreatments modified overall activity in the subsequent test for locomotor activity. Figure 5 presents the mean distance (cm) moved during the 15 min locomotor test. The ANOVA was non-significant.
Ex vivo experiments
As previously reported (Clapper et al., 2010) , treatment with URB937 (3 mg·kg À1 , i.p.) completely blocked FAAH activity in peripheral tissues such as liver and duodenum, while leaving brain tissue unaltered (PFC; Figure 6A ). Interestingly, FAAH activity was partially but significantly inhibited in the AP (51.7 ± 9.7% of activity left, P < 0.05), a region that is not fully protected by the blood-brain barrier, which is coherent with the molecular mechanism responsible for the peripheral distribution of URB937. To further examine the effect of this partial inhibition, we analysed the local concentrations of FAAH substrates in the AP. As shown in Figure 6 B-D, levels of AEA, OEA and PEA were significantly elevated by treatment with URB937 while levels of 2-AG ( Figure 6E ) remained unchanged.
Discussion
The peripherally restricted FAAH inhibitor, URB937, at doses of 1 and 3 mg·kg À1 , reduced acute nausea as reflected by the prevention of LiCl-induced conditioned gaping elicited at test but did not modify learning per se as indicated by the conditioned avoidance of LiCl-paired saccharin (see Parker,
Figure 3
Effect of the PPARα agonist GW7647 (3 mg·kg À1 , i.p.) or VEH administered 30 min prior to a saccharin infusion (paired with either LiCl or saline) on conditioned gaping reactions in a subsequent drug-free taste reactivity test (a rat model of acute nausea). Each bar represents the mean ± SEM (n = 8) number of gapes. The asterisks indicate a significant difference from all other groups (*P < 0.05).
Figure 4
Effect of URB937 (3 Rock et al. (2015) showing that when systemically administered, the global FAAH inhibitor, PF3845 (Ahn et al., 2009) , suppressed acute nausea and this suppression was reversed by the PPARα antagonist, MK-886, but not by the CB 1 receptor antagonist, rimonabant. Since FAAH inhibition not only elevates AEA but also OEA and PEA, these results and of those of Rock et al. (2015) suggest that FAAH inhibition (either global or peripheral) produces its acute anti-nausea effect by the action OEA or PEA on PPARα. Indeed, Venkatesan and colleagues (2016) found increased levels of OEA and PEA (but not AEA or 2-AG) in patients with cyclic vomiting syndrome when they reported feeling ill (as compared to a self-reported 'well' phase). Since the PPARα antagonist, MK-886, reversed the suppressive effect of URB937 on acute nausea, we also evaluated the potential of the PPARα agonist, GW7647, to act as an antinausea agent in the gaping model. Indeed, like URB937, GW7647 also suppressed LiCl-induced acute nausea in the gaping model, verifying the anti-nausea effects of systemic PPARα agonism. Given that URB937 suppressed FAAH and elevated OEA and PEA (as well as AEA) in the AP, an area with a weakened blood-brain barrier, which has been shown to prevent LiCl-induced conditioned gaping reactions when lesioned (Eckel and Ossenkopp, 1996) , it is possible that agonism of PPARα in the AP is responsible for the anti-nausea effects of both URB937 and PF3845. It is interesting to note that OEA (10 mg·kg À1 , i.p.) dramatically elevated c-Fos mRNA expression in the AP (Romano et al., 2014) , verifying the activity of PPARα in this region of the brain. Consistent with
Figure 6
Effects of URB937 on FAAH activity and levels of FAEs in rats. (A) A single injection of URB937 (3 mg·kg À1 , i.p., n = 6) blocked FAAH activity in peripheral tissues [liver (LIV) and duodenum (DUO)] 2 h after administration. Cortical (PFC) FAAH activity remained unaltered, and a partial inhibition was observed in the AP compared to animals treated with VEH (n = 6). Analysis of local concentrations of FAEs, which are substrates for FAAH, revealed significantly increased levels of AEA (B), OEA (C) and PEA (D) but not 2-AG (E) in the AP of rats treated with URB937 (3 mg·kg À1 , i.p., n = 6, solid bars) compared to VEH-treated animals (n = 6, open bars). Each bar represents the mean ± SEM. The asterisks indicate a significant difference from the VEH control animals (*P < 0.05).
Figure 5
The mean distance (cm) travelled was measured in a 15 min activity test that occurred after the anticipatory nausea test in Experiment 3. Each bar represents the mean ± SEM.
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previous findings, URB937 suppressed FAAH levels in the liver and duodenum, but not the in the PFC, confirming its peripheral site of action (Clapper et al., 2010) . Sticht et al. (2016) demonstrated that endocannabinoid regulation of nausea in the IIC, a cortical site responsible for the experience of nausea (Penfield and Faulk, 1955; Napadow et al., 2013) , is mediated by the action of 2-AG, not AEA, on CB 1 receptors. Intra-IIC administration of the MAGL inhibitor MJN110 (which elevated 2-AG) suppressed acute LiClinduced nausea as expressed by conditioned gaping reactions, but the FAAH inhibitors, PF8345 and URB597, did not. In fact, when PF3845 was administered systemically or intra-IIC, there was no accompanying increase in levels of AEA in the IIC, but levels of OEA and PEA were elevated. Therefore, the site of action of FAAH inhibition in the regulation of acute nausea was previously unknown. Here, we report that this site of action may be at the level of the AP, potentially representing the initial central relay station for nausea-inducing stimulation to eventually activate the IIC by some as of yet unknown mechanism.
The peripherally restricted FAAH inhibitor, URB937, also suppressed the expression of contextually elicited conditioned gaping reactions, as a model of anticipatory nausea expressed by chemotherapy patients when they return to the treatment environment . Also in a similar manner as the global FAAH inhibitors, PF3845 and URB597, the suppression of anticipatory gaping with URB937 was reversed by rimonabant but not by the PPARα antagonist, MK-886, or the CB 2 receptor antagonist, AM-630. As intracranial administration of PF3845 or URB597 into the IIC does not suppress anticipatory nausea , the action of AEA on other brain region(s) may be responsible for the suppression of this conditioned response. Here, we suggest that the action of AEA on CB 1 receptors located in the AP (Van Sickle et al., 2003) may be the initial central site of action producing the suppression of anticipatory nausea in this model.
The AP has been shown to be a critical site in LiCl-induced CTA (suppressed consumption) and also LiCl-induced conditioned gaping. Indeed, when systemically administered, lithium penetrates and accumulates at high concentrations in the AP (Sandner et al., 1994) . AP-lesioned rats do not display LiCl-induced conditioned gaping reactions, despite having intact unconditioned reactions to palatable (sucrose) and unpalatable (quinine) taste stimuli (Ossenkopp and Eckel, 1995; Eckel and Ossenkopp, 1996) . Furthermore, increases in c-Fos-like immunoreactivity are observed in the AP 2 h after LiCl (i.p.) (Swank et al., 1995; Thiele et al., 1996) , further suggesting that this site is critical in LiCl-induced conditioned gaping. Together, these results indicate that direct (or indirect) activation of the AP is necessary for the establishment of conditioned gaping.
In conclusion, we report new data showing that inhibition of peripheral FAAH activity attenuates acute nausea through a mechanism mediated by activation of the PPARα and reduces anticipatory nausea through a mechanism mediated by activation of CB 1 receptors, probably through the elevation of local FAEs levels in the AP. These results suggest that peripheral FAAH inhibition may be a potential therapeutic target for the alleviation of acute nausea (via action of PEA and OEA at PPARα) and/or anticipatory nausea (via action of AEA at CB 1 receptors), highlighting the need for clinical trials to examine this possible anti-nausea mechanism.
